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1
OBSTACLE REMOVING AND ENERGY
ABSORBING DEVICE AND LEADING CAR
OF MOTOR TRAIN UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/CN2012/083296, filed on Oct. 22, 2012,
which claims priority to Chinese Patent Application No.
201110424043.9, filed on Dec. 16, 2011, both of which are
incorporated herein by reference in their entireties.

TECHNICAL FIELD

The present invention relates to rail train technology and, in
particular, relates to an obstacle removing and energy absorb-
ing device and a leading car of a motor train unit.

BACKGROUND

An obstacle removing device is a safety protecting device
of'a rail train for removing possible obstacles on rail tracks so
as to avoid operation accidents such as derailment etc.

As shown in FIG. 1, an earlier obstacle removing device
used on a locomotive is formed by welding a contour bending
plate 1 with a reinforcing plate, a supporting beam 2 of the
obstacle removing device is welded on both ends of the con-
tour bending plate 1 respectively, an end, which is distal to the
contour bending plate 1, of the supporting beam 2 of the
obstacle removing device is provided with a mounting plate 3,
the obstacle removing device is mounted on the lower portion
of'the towing beam of the locomotive via a bolt threaded onto
the mounting plate 3, the obstacle removing device in such a
structure does not have buffering and energy absorbing func-
tions, when the obstacle removing device collides with an
obstacle, the impact force will be directly transferred to the
car body, which will significantly affect stability and safety of
the moving train.

As the running speed of the train increases, in order to
reduce the impact force suffered by the car body when the
obstacle removing device collides with an obstacle, an
obstacle removing device with a buffer structure is presented,
as shown in FIG. 2. Buffer plate clusters 4 formed by stacking
multiple aluminum plates spaced with cushion blocks are
mounted behind the obstacle removing plate of the device,
there is a certain gap between the obstacle removing plate 6
and the buffer plate clusters 4, when the collision force is
small, the buffer plate clusters 4 is of no effect, when the
collision force is large, after the obstacle removing plate 5 is
deformed and is contacted with the buffer plate clusters 4, the
aluminum plate in the buffer plate clusters 4 absorbs a part of
impact energy through its elastic deformation. Such a struc-
ture guarantees obstacle removing ability, and meanwhile can
moderate the impact to the car body to some extent, but its
buffering property is limited, and still cannot guarantee sta-
bility and safety of the moving train.

SUMMARY

The present invention provides an obstacle removing and
energy absorbing device and a leading car of a motor train
unit, so as to solve the problem that the buffering property of
the obstacle removing device in the prior art is limited and
thus cannot guarantee stability and safety of the moving train.

One aspect of the present invention provides an obstacle
removing device, including an obstacle removing beam and a
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bumper cross-beam which are oppositely arranged, an energy
absorbing tube assembly with an energy absorbing tube is
fixedly connected between the obstacle removing beam and
the bumper cross-beam, a mounting base is fixedly connected
with one end of the energy absorbing tube, while a crushing
support is threaded onto the other end of the energy absorbing
tube, the crushing support is provided with a variable-diam-
eter through-hole, a crushing convex portion is provided in
the variable-diameter through-hole, a concave portion
matched with the crushing convex portion is arranged at an
end portion where the energy absorbing tube is penetrated
into the crushing support, the mounting base is fixedly con-
nected with the obstacle removing beam, and the crushing
support is fixedly connected with the bumper cross-beam.

Another aspect of the present invention further provides a
leading car of a motor train unit including a car body, and any
obstacle removing and energy absorbing device described
above, the bumper cross-beam of the obstacle removing and
energy absorbing device is fixedly connected with a front end
of the car body, and the obstacle removing beam of the
obstacle removing and energy absorbing device is arranged
towards the moving direction of the leading car.

In the obstacle removing and energy absorbing device pro-
vided by embodiments of the present invention, since an
energy absorbing tube assembly is provided, when the
obstacle removing and energy absorbing device collides with
an obstacle and produces large impact, the energy absorbing
tube in the energy absorbing tube assembly is crushingly
deformed to absorb most of the impact energy, such that the
car body suffers less impact, which guarantees stability and
safety of the moving train.

The leading car of motor train unit provided by the present
invention, since the obstacle removing and energy absorbing
device of above structure is adopted, when colliding with an
obstacle and producing large impact, the obstacle removing
and energy absorbing device absorbs most of the impact
energy, such that the leading car of the motor train unit suffers
less impact, which guarantees stability and safety of the mov-
ing train.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic structural diagram of an obstacle
removing and energy absorbing device in the prior art;

FIG. 2 is a schematic structural diagram of another obstacle
removing and energy absorbing device in the prior art;

FIG. 3 is a schematic structural diagram of an obstacle
removing and energy absorbing device according to an
embodiment of the present invention;

FIG. 4 is an A-A sectional view of FIG. 3;

FIG. 5 is a perspective view of FIG. 3;

FIG. 6 is a schematic structural diagram, in full section of
an energy absorbing tube assembly;

FIG. 7 is a schematic structural diagram of the energy
absorbing tube in the obstacle removing and energy absorb-
ing device according to an embodiment of the present inven-
tion after absorbing energy and deforming in a first stage; and

FIG. 8 is a schematic structural diagram of the energy
absorbing tube in the obstacle removing and energy absorb-
ing device according to an embodiment of the present inven-
tion after absorbing energy and deforming in a second stage.

DESCRIPTION OF EMBODIMENTS

FIG. 3 is a schematic structural diagram of an obstacle
removing and energy absorbing device according to an
embodiment of the present invention; FIG. 4 is an A-A sec-
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tional view of FIG. 3; FIG. 5 is a perspective view of FIG. 3;
FIG. 6 is a schematic structural diagram, in full section of the
energy absorbing tube 9 assembly; as shown in FIG. 3, FIG.
4, FIG. 5 and FIG. 6, the obstacle removing and energy
absorbing device according to an embodiment of the present
invention includes an obstacle removing beam 6 and a
bumper cross-beam 15 which are oppositely arranged, an
energy absorbing tube assembly with an energy absorbing
tube 9 is fixedly connected between the obstacle removing
beam 6 and the bumper cross-beam 15, a mounting base 8 is
fixedly connected with one end of the energy absorbing tube
9, while a crushing support 13 is threaded onto the other end
of the energy absorbing tube 9, the crushing support 13 is
provided with a variable-diameter through-hole, a crushing
convex portion 20 is provided in the variable-diameter
through-hole, a concave portion 21 matched with the crush-
ing convex portion 20 is arranged at an end portion where the
energy absorbing tube 9 is penetrated into the crushing sup-
port 13, the mounting base 8 is fixedly connected with the
obstacle removing beam 6, and the crushing support 13 is
fixedly connected with the bumper cross-beam 15.

In the above solution, since an energy absorbing tube
assembly is provided, when the obstacle removing and
energy absorbing device collides with an obstacle and pro-
duces large impact, the energy absorbing tube 9 in the energy
absorbing tube assembly is crushingly deformed to absorb
most of the impact energy, such that the car body suffers less
impact, which guarantees stability and safety of the moving
train.

The obstacle removing and energy absorbing device
according to an embodiment of the present invention includes
an obstacle removing beam 6 and a bumper cross-beam 15
which are oppositely arranged, where the obstacle removing
beam 6 is provided with an obstacle removing straight beam
7, both ends of the obstacle removing straight beam 7 are
weldedly connected with an obstacle removing cambered
beam respectively, two obstacle removing cambered beams
are symmetrically arranged with respect to the obstacle
removing straight beam 7. An end of each obstacle removing
cambered beam distal to the obstacle removing straight beam
7 is fixedly connected with a shaft seat 16 via a bolt, and the
shaft seat 16 is connected with the bumper cross-beam 15 via
apin bolt, which acts as a rotating shaft of the shaftseat 16, by
means of which the shaft seat 16 can rotate with respect to the
bumper cross-beam 15. An energy absorbing tube assembly is
fixedly connected between the obstacle removing beam 6 and
the bumper cross-beam 15, the energy absorbing tube assem-
bly includes an energy absorbing tube 9, which extends in
forward-backward direction. A mounting base 8 is fixedly
connected with an end of the energy absorbing tube 9 by
means of threaded connection, while a crushing support 13 is
threaded onto the other end of the energy absorbing tube 9,
where the crushing support 13 is provided with a variable-
diameter through-hole, a crushing convex portion 20 is pro-
vided in the variable-diameter through-hole, an end of the
energy absorbing tube 9, which is penetrated into the crushing
support 13, is provided with a concave portion 21 matching
the crushing convex portion 20, the mounting base 8 is fixedly
connected with the obstacle removing beam 6 via a bolt, the
crushing support 13 is fixedly connected with the bumper
cross-beam 15 via a bolt.

Furthermore, on the basis of the above embodiment, in
order to achieve a maximum energy absorbing effect of the
energy absorbing tube 9 when being crushingly deformed
along forward-backward direction, the obstacle removing
and energy absorbing device is further provided with an
energy absorbing tube crushing-deformation guiding device,
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the energy absorbing tube crushing-deformation guiding
device is provided with a sliding block 11 and a guide rail 12.
Where a sliding block mounting seat 10 is respectively
welded on an end of each obstacle removing cambered beam
of the obstacle removing beam 6 proximal to the obstacle
removing straight beam 7, a sliding block 11 is fixedly con-
nected with the sliding block mounting seat 10 via a bolt, so
asto achieve a fixed connection of the sliding block 11 and the
obstacle removing beam 6, the sliding block 11 can be a
T-shaped sliding block, a swallow-tail-shaped sliding block,
of which the former is adopted in this embodiment, a
T-shaped sliding groove 17 is provided in the guide rail 12, the
sliding groove 17 matches the T-shaped sliding block to
achieve guiding, and the guiding direction of the guide rail 12
is consistent with the axial direction of the energy absorbing
tube 9, that is, the guiding direction is a forward-backward
direction. When used, the guide rail 12 can be fixed on the car
body of a locomotive by means of welding.

Furthermore, on the basis of the above embodiment, in
order to achieve small and gentle impact on the car body 19 at
a starting phase of collision, the obstacle removing and
energy absorbing device can adopt a two-level crushing
energy absorbing manner, that is, during primary crushing
energy absorbing, which is also called energy absorbing
deformation in a first stage, the energy absorbing tube 9 being
plastically deformed by the crushing convex portion 20 in the
variable-diameter through-hole under guiding of the energy
absorbing tube crushing-deformation guiding device, such
that the tube diameter of the energy absorbing tube reduces
and moves backward, meanwhile, the energy absorbing tube
9 absorbs energy through elastic-plastic deformation and heat
generation of friction in the diameter reducing deformation.
In order to achieve the above two-level crushing energy
absorbing manner, the bumper cross-beam 15 is provided
with an energy absorbing tube secondary energy absorbing
cavity 23, a through-hole for penetrating the energy absorb-
ing tube 9 is provided on a cavity wall of the energy absorbing
tube secondary energy absorbing cavity 23 proximal to the
energy absorbing tube 9, a tube section 24, diameter of which
reduces after being crushed by the crushing convex portion of
the crushing support 13, of the energy absorbing tube 9 pen-
etrates through the through-hole into the energy absorbing
tube secondary energy absorbing cavity 23, as shown in FI1G.
7. An energy absorbing tube secondary deformation acting
surface 25 facing the energy absorbing tube 9 is provided on
a cavity wall of the energy absorbing tube secondary energy
absorbing cavity distal to energy absorbing tube 9. When the
diameter reduced tube section 24 of the energy absorbing tube
contacts the energy absorbing tube secondary deformation
acting surface 25, the energy absorbing tube secondary defor-
mation acting surface 25 stops the diameter reduced tube
section 24 of the energy absorbing tube 9 from moving back-
ward, then, at this time, that is, an energy absorbing deforma-
tion in a second stage, the diameter reduced tube section 24 of
the energy absorbing tube 9 and tube section of original
diameter are crushed simultaneously, as shown in FIG. 8, to
achieve a plastic bending deformation, and absorb collision
energy via the plastic bending deformation, in the secondary
crushing energy absorbing stage, compressing force resisted
by the energy absorbing tube 9 increases and energy absorb-
ing efficiency improves.

Furthermore, on the basis of the above embodiment, a
mounting plate 18 is provided on a front end of the bumper
cross-beam 15, the mounting plate 18 is provided with a
mounting through-hole, of which an axial direction is the
same with the axial direction of the energy absorbing tube 9,
the obstacle removing and energy absorbing device is detach-
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ably connected with the lower portion of the front end of the
car body 19 of the locomotive via a bolt penetrated in the
mounting through-hole.

Furthermore, on the basis of the above embodiment, the
above energy absorbing tube 9 is a circular tube, the circular
tube has a higher average crushing force, more energy
absorbed and a simpler structure, when under action of axial
impact and quasi static load, an axial symmetrical bending
compression crushing mode of the circular tube can absorb
and consume the collision maximally, which is beneficial in
improving stability and safety of the moving train.

Furthermore, on the basis of the above embodiment, in
order to let the energy absorbing tube 9 deform easier by way
of'regular circular buckling under action of axial compression
force, the energy absorbing tube 9 is filled with foamed alu-
minum (the foamed aluminum is an artificial porous material
composed of metal framework and pores (bubble pore formed
by a metal framework structure or a planar staggered struc-
ture), which possesses properties such as light weight, high
strength, good energy absorbing performance etc.), such that
it acts certain supporting effect in the energy absorbing tube 9,
which shortens the buckling waveform of the energy absorb-
ing tube 9, so that the energy absorbing tube 9 has more folds
per unit length, thus significantly improves irregular defor-
mation when being crushed and improves energy absorbing
effect.

The present invention further provides a leading car of a
motor train unit including a car body, and any obstacle remov-
ing and energy absorbing device described above, the bumper
cross-beam 15 of the obstacle removing and energy absorbing
device is fixedly connected with the lower portion of the front
end of the car body 19, and the obstacle removing beam 6 of
the obstacle removing and energy absorbing device is
arranged towards the moving direction of the leading car. For
detailed structure and effect of the obstacle removing and
energy absorbing device, please refer to the above embodi-
ments, which will not be described further here.

In addition, when the obstacle removing and energy
absorbing device is provided with an energy absorbing tube
crushing-deformation guiding device, a guide rail 12 of the
energy absorbing tube crushing-deformation guiding device
is fixedly connected with the car body 19 by means of weld-
ing.

Finally, it should be noted that the above embodiments are
merely provided for describing the technical solutions of the
present invention, but not intended to limit the present inven-
tion. It should be understood by persons skilled in the art that
although the present invention has been described in detail
with reference to the foregoing embodiments, modifications
can be made to the technical solutions described in the fore-
going embodiments, or equivalent replacements can be made
to some of or all of the technical features in the technical
solutions, as long as such modifications or replacements do
not cause the essence of corresponding technical solutions to
depart from the scope of the embodiments of the present
invention.

The invention claimed is:

1. An obstacle removing and energy absorbing device,
characterized by comprising an obstacle removing beam and
a bumper cross-beam which are oppositely arranged, an
energy absorbing tube assembly with an energy absorbing
tube is fixedly connected between the obstacle removing
beam and the bumper cross-beam, a mounting base is fixedly
connected with one end of the energy absorbing tube, while a
crushing support is threaded onto the other end of the energy
absorbing tube, the crushing support is provided with a vari-
able-diameter through-hole, a crushing convex portion is pro-
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vided in the variable-diameter through-hole, a concave por-
tion matched with the crushing convex portion is arranged at
an end portion where the energy absorbing tube is penetrated
into the crushing support, the mounting base is fixedly con-
nected with the obstacle removing beam, and the crushing
support is fixedly connected with the bumper cross-beam.

2. The obstacle removing and energy absorbing device
according to claim 1, wherein, the obstacle removing device
is further provided with an energy absorbing tube crushing-
deformation guiding device, the energy absorbing tube crush-
ing-deformation guiding device is provided with a sliding
block and a guide rail which are in sliding fit with each other,
the sliding block is fixedly connected with the obstacle
removing beam, a guiding direction of the guide rail is in
consistent with an axial direction of the energy absorbing
tube.

3. The obstacle removing and energy absorbing device
according to claim 1, wherein, the bumper cross-beam is
provided with an energy absorbing tube secondary energy
absorbing cavity, a through-hole for penetrating the energy
absorbing tube is provided on a cavity wall of the energy
absorbing tube secondary energy absorbing cavity proximal
to the energy absorbing tube, and an energy absorbing tube
secondary deformation acting surface facing the energy
absorbing tube is provided on a cavity wall of the energy
absorbing tube secondary energy absorbing cavity distal to
the energy absorbing tube.

4. The obstacle removing and energy absorbing device
according to claim 1, wherein, the bumper cross-beam is
further provided with a mounting plate, the mounting plate is
provided with a mounting through-hole, an axial direction of
which is the same with the axial direction of the energy
absorbing tube.

5. The obstacle removing and energy absorbing device
according to claim 1, wherein, the energy absorbing tube is a
circular tube.

6. The obstacle removing and energy absorbing device
according to claim 1, wherein, the energy absorbing tube is
filled with foamed aluminum.

7. The obstacle removing and energy absorbing device
according to claim 1, wherein, both ends of the obstacle
removing beam are fixedly connected with a shaft seat, the
shaft seat is rotatablely connected with the bumper cross-
beam.

8. The obstacle removing and energy absorbing device
according to claim 7, wherein, the obstacle removing beam is
provided with an obstacle removing straight beam, both ends
of'the obstacle removing straight beam are fixedly connected
with an obstacle removing cambered beam, and the shaft seat
is fixedly connected with the obstacle removing cambered
beam.

9. A leading car of a motor train unit, comprising a car
body, and the obstacle removing and energy absorbing device
according to claim 1, wherein the bumper cross-beam of the
obstacle removing and energy absorbing device is fixedly
connected with a lower portion of a front end of the car body,
and the obstacle removing beam of the obstacle removing and
energy absorbing device is arranged towards the moving
direction of the leading car.

10. A leading car of a motor train unit, comprising a car
body, and the obstacle removing and energy absorbing device
according to claim 2, wherein the bumper cross-beam of the
obstacle removing and energy absorbing device is fixedly
connected with a lower portion of a front end of the car body,
and the obstacle removing beam of the obstacle removing and
energy absorbing device is arranged towards the moving
direction of the leading car.



US 9,409,580 B2

7

11. A leading car of a motor train unit, comprising a car
body, and the obstacle removing and energy absorbing device
according to claim 3, wherein the bumper cross-beam of the
obstacle removing and energy absorbing device is fixedly
connected with a lower portion of a front end of the car body,
and the obstacle removing beam of the obstacle removing and
energy absorbing device is arranged towards the moving
direction of the leading car.

12. A leading car of a motor train unit, comprising a car
body, and the obstacle removing and energy absorbing device
according to claim 4, wherein the bumper cross-beam of the
obstacle removing and energy absorbing device is fixedly
connected with a lower portion of a front end of the car body,
and the obstacle removing beam of the obstacle removing and
energy absorbing device is arranged towards the moving
direction of the leading car.

13. A leading car of a motor train unit, comprising a car
body, and the obstacle removing and energy absorbing device
according to claim 5, wherein the bumper cross-beam of the
obstacle removing and energy absorbing device is fixedly
connected with a lower portion of a front end of the car body,
and the obstacle removing beam of the obstacle removing and
energy absorbing device is arranged towards the moving
direction of the leading car.

14. A leading car of a motor train unit, comprising a car
body, and the obstacle removing and energy absorbing device
according to claim 6, wherein the bumper cross-beam of the
obstacle removing and energy absorbing device is fixedly
connected with a lower portion of a front end of the car body,
and the obstacle removing beam of the obstacle removing and
energy absorbing device is arranged towards the moving
direction of the leading car.

15. A leading car of a motor train unit, comprising a car
body, and the obstacle removing and energy absorbing device
according to claim 7, wherein the bumper cross-beam of the
obstacle removing and energy absorbing device is fixedly
connected with a lower portion of a front end of the car body,
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and the obstacle removing beam of the obstacle removing and
energy absorbing device is arranged towards the moving
direction of the leading car.

16. A leading car of a motor train unit, comprising a car
body, and the obstacle removing and energy absorbing device
according to claim 8, wherein the bumper cross-beam of the
obstacle removing and energy absorbing device is fixedly
connected with a lower portion of a front end of the car body,
and the obstacle removing beam of the obstacle removing and
energy absorbing device is arranged towards the moving
direction of the leading car.

17. The leading car of'a motor train unit according to claim
9, wherein, when the obstacle removing and energy absorbing
device is provided with an energy absorbing tube crushing-
deformation guiding device, and a guide rail of the energy
absorbing tube crushing-deformation guiding device is fix-
edly connected with the car body.

18. The leading car of a motor train unit according to claim
10, wherein, when the obstacle removing and energy absorb-
ing device is provided with an energy absorbing tube crush-
ing-deformation guiding device, and a guide rail of the energy
absorbing tube crushing-deformation guiding device is fix-
edly connected with the car body.

19. The leading car of'a motor train unit according to claim
11, wherein, when the obstacle removing and energy absorb-
ing device is provided with an energy absorbing tube crush-
ing-deformation guiding device, and a guide rail of the energy
absorbing tube crushing-deformation guiding device is fix-
edly connected with the car body.

20. The leading car of a motor train unit according to claim
12, wherein, when the obstacle removing and energy absorb-
ing device is provided with an energy absorbing tube crush-
ing-deformation guiding device, and a guide rail of the energy
absorbing tube crushing-deformation guiding device is fix-
edly connected with the car body.
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